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'  ‘So  Investigate  volatile  organic  solids  for  use  as  gaseous  Iribri  cants  end 
fi  detenxlne  thi  effect  of  ihenlcal  composition  for  'bearing  component  metals 
;n  vm'ix  lubrication. 


B.  details 


.t;: 
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Initial  experiments  descri'bed  in  Report  No.  NAtC-AML>l^l;2  shoved  that 
the  vapors  of  volatile  amine  carbamate  'cype  coapounds  provided  effective 
lubrication  for  high  speed  ball  bearings  at  elevated  tengperatures.  These 
e:iperi!nenta  have  been  continued  to  include  other  cleisses  of  volatile  organic 
solids  l.e.,  aromatic  halogens,  aiolnes,  hydrocarbons  and  tezpenes.  The 
foUoving  coopounds  have  exhibited  lubricating  properties:  naphthalene, 
durene,  canpbene,  and  p-toluldine.  Corrosion  of  the  test  bearing  during 
ahutdown  periods  is  considered  to  be  a  cause  of  short  bearing  life  when 
using  chloriUuited  aromatic  compounds.  Additional  ejqteriments  Including 
continuous  xunulng  at  elevated  tesq^eratures  are  being  conducted  with  this 
class  of  compounds.  Results  of  the  performance  tests  are  shown  in  %ble  I. 
The  volatile  material  is  carried  to  the  bearing  using  nitrogen  gas.  A 
limited  number  of  runs  using  argon  gas  in  place  of  nitrogen  gas  shewed  a 
reduced  running  time  to  failure  for  three  different  cooQ>oundB.  The  bearing 
housing  design  and  test  apparatus  have  been  described  in  the  aforementioned 
report. 

In  addition,  the  response  of  naphthalene  and  morpholine  carbamate  to 
metal  surfaces  of  different  composition  was  investigated  to  provide  lofortna- 
tion  on  the  mechanism  of  lubrication  for  the  volatile  coopounds.  Several 
possible  meohantsms  are  projected  incltding:  chemical  adsorption,  physical 
sdsoxption,  decaim;K>3itlon  of  the  volatile  compound  yielding  an  oily  substance 
and  cbelmtion  reactions  between  vapor  and  bearing  ineta.1.  AI3I  1010  steel, 
silver  plated  1010  steel  and  nickel  plated  1010  steel  as  retainer  specimens 
have  shown  a  hie^er  level  of  susceptibility  to  vapor  lubrication  conpared 
to  chrcmlum  plated  1010  steel  and  cadmium  plated  1010  steel.  Data  covering 
test  runs  is  shown  in  Table  II.  These  data  establish  the  significance  of 
the  chemical  composition  of  the  'bearing  metal  in  the  vapor  lubrication 
process.  Additional  experiments  will  be  required  to  determine  tbe 
aiebanism  of  lubrication  for  the  volatile  solids  under  study. 
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C.  Future  Work 


future  work  will  iaclude  the  following: 

1.  Continued  investigation  of  new  cou^ounds  as  gaseous  lubricants. 

2.  Investigation  of  the  susceptibility  of  differeat  meoals  and  alloys 
for  vapor  lubrication. 


3-  teaiperature  performance  tes  ts  at  750*P. 


Prepared  by: 


Approved  by; 


■JzaI 


Leon  Sta.lllngs 
Project  Engineer 


Martin  J.  Devine,  Head 
Experimental  Lubricants  Branch 


Table  I  -  Results  of  Vapor  Lubrication  Ebnperiments 

Table  II  -  Effect  of  Bearing  Metallurgy  on  Performance  of  Vapor  Phase 
Lubricants 
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TABLE  1 


HESULOS  OF  VAPOR  LUBRICATlCtT  EagERDEHTS 


Appcjratqs;  Blgji  Speedy  High  Temperature  Bearing  Test  Apparatus 
Speed;  10^ 000  RFM 

Bearlog  Speelnen:  204  Size  Ball  Bearings.  Boces  and  Balls:  AISI  52100, 

Retainer:.  AISI  1010 

Flow  Rate  -  (Ctttider  Gas):  0.08  Cu.Ft.^n- 


Organic  Solid 

Carrier  Qaa 

p.Olchloroljenzene 

H2 

p-Chloropbenol 

»2 

p-Chlorpphenol 

"2 

2.4>Dlcblorapbenol 

-Dieblorophenol 

Haphtbalene 

Hsphthedene 

Argon 

Caopbene 

Caapbene 

Caophor 

Caopbor 

Argon 

Durene 

H2 

Benzoic  Acid 

"2 

Cyclobezylaiilne 

Hg 

Cyclobexylaini  ne 

Argon 

p-Toluidlne 

Ho 

p-Toluldlne 

Ha 

<>-Metb7l-Plperldine  ♦ 
COo  Reaction  Product 

*2 

Runi^lng  Time 
(Hours ) 

250*P 

31+,  ^8,  «i0 

200*P 

182 

250*F 

3.7 

200*P 

l6 

250*P 

27,  15,  95 

250*P 

509+ 

250*P 

1.5,  ^2 

250*P 

290+ 

350*P 

153+ 

250*p 

123 

250*F 

7,  23 

250*F 

22,  449 

250*P 

0.4,  0.1 

f50*F 

7C+,  l4c  »• 

250*P 

0.1,  0.2 

250*P 

690 

300*P 

250*P 
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tabus  2 


EFFECT  OF  BBABim  METAmJBOT  ON  PERFORMANCE 

m - 


(g  mm  msrD 


ApparatuB;  High  Speed  Hlgb  Teo^perature  Bearing  Test  Apparatus 

Test  Specimen;  204  Size  Ball  Bearing^  AI8I  3^100  Balls  and  Races > 
Retainer  •  As  shown. 

Speed;  10,000  RPM 

Tvdgperature;  250*F 

Load;  5  LB. -Thrust  3  1£. -Radial 


Running  Time 


Retainer  Cosipoaltlon 

Plating 

Morpholine  Ceu'baiaate 

AlSI-ldO  Steel 

None 

130,133 

309+ 

AlSI-lOlO  Steel 

Silver 

6l,,246 

lul 

AISI-IQIO  Steel 

Nickel 

366,-09 

.1 

AISI-IQLO  Steel 

ChiroBiium 

11.5 

.1 

AlSI-ldO  Steel 

Cadnlum 

1 

0.0 

34sT  Alxinlnxm 

None 

39 

Cast  Iron 

None 

100+,  157 

